Background: This study estimated the inter-rater reliability and agreement of the somatosensory assessment performed at masseter and temporomandibular joint (TMJ) region in a group of healthy female and male participants. Methods: Forty healthy participants (20 men and 20 women) were evaluated in two sessions by two different examiners. Cold detection threshold (CDT), warm detection threshold (WDT), thermal sensory limen (TSL), cold pain threshold (CPT), heat pain threshold (HPT), mechanical detection threshold (MDT), mechanical pain threshold (MPT), wind-up ratio (WUR) and pressure pain threshold (PPT) were assessed on the skin overlying TMJ and masseter body. Mixed ANOVA, intraclass correlation coefficients (ICC) and standard error of measurement (SEM) were applied to the data (a = 5%). Nonoverlapping 95% confidence intervals (95% CI) of ICCs were considered significantly different. Results: The ICCs of 77% of all quantitative sensory testing (QST) measurements were considered fair to excellent (ICCs: 0.47-0.97), and WUR presented the lowest values. The reliability of WDT, TSL and HPT of masseter was significantly higher than TMJ, whereas the MDT reliability of TMJ was higher than masseter. In addition, the following combination of test/sites presented significantly lower ICCs for women: HPT, MDT of TMJ and MPT of both TMJ and masseter. Finally, the highest SEM values were presented for CPT and MPT. Conclusion: The overall somatosensory assessment of the masticatory structures performed by two examiners can be considered sufficiently reliable to discriminate participants, except WUR. Possible site and sex influences on the reproducibility parameters should be taken into account for an appropriate interpretation and clinical application of QST. Significance: The test site and participant's sex can significantly influence the relative reliability and agreement of quantitative sensory testing applied to musculoskeletal orofacial region, which affect the capacity to discriminate participants and to evaluate changes over time.
Introduction
The already established clinical usefulness of the quantitative sensory testing (QST) protocol of the German Research Network on Neuropathic Pain (DFNS), and the prominent perspectives of a 'mechanism-based' treatment of neuropathic pain disorders based on somatosensory profiles (von Hehn et al., 2012; Baron et al., 2017) has widen the application of QST to other chronic painful conditions, for example musculoskeletal disorders (Arendt-Nielsen and Yarnitsky, 2009; Uddin and MacDermid, 2016) . For instance, temporomandibular disorders (TMD), a collective term that encompasses clinical conditions that affect the musculoskeletal components of the masticatory system, can be associated with signs of somatosensory gain, for example, hyperalgesia to heat pain, pinprick and pressure stimuli and an augmented temporal summation (Pfau et al., 2009; Kothari et al., 2015; Yang et al., 2016) . In addition, it has been possible to distinguish subgroups with different somatosensory profiles of pain-related TMD (Pfau et al., 2009; Bair et al., 2016) . Nevertheless, the clinical applicability of a systematic somatosensory assessment in musculoskeletal disorders is not totally clear. Therefore, comprehensive investigations regarding the measurement properties of the QST battery of crucial anatomical areas, that is muscles of mastication and the temporomandibular joint (TMJ), could contribute to elucidate the interpretation of QST findings in musculoskeletal orofacial pain.
Although there is a reasonable amount of evidence regarding the reliability of spinal and intraoral applications of QST (Pigg et al., 2010; Geber et al., 2011; Andersen et al., 2015; Baad-Hansen et al., 2015; Lindgren et al., 2016; Marcuzzi et al., 2017; MoanaFilho et al., 2017; Nothnagel et al., 2017) , the reproducibility of somatosensory assessment of masticatory structures is not adequately known. To the best of our knowledge, only test-retest relative reliability of mechanical QST has been estimated for the masticatory structures and the results have presented acceptable ICC values in healthy participants (Costa et al., 2017) . Furthermore, taking into account that the somatosensory responses differ among various anatomical regions (Rolke et al., 2006a; Backonja et al., 2009 Backonja et al., , 2013 , site-specific differences in the reproducibility parameters would not be surprising. Likewise, it is largely unknown if the eventual differences in the somatosensory sensitivity between women and men (Riley et al., 1998; Fillingim, 2017) could also influence the reliability of QST.
Based on that, the aim of this study was to estimate the inter-rater reliability and agreement of the somatosensory assessment performed at masseter and TMJ region in a group of healthy female and male participants. The overall hypothesis was as follows: the testing site and the sex of the participants would significantly influence the QST reliability estimates.
Methods

Sample and ethics
Forty healthy participants (20 men and 20 women) were recruited from the community of undergraduate, graduate students and staff members of Bauru School of Dentistry, that is convenience sampling method. Eligibility criteria were as follows: age >18 years and good systemic health with no orofacial pain complaints in the last 30 days or chronic pain disorders; presence of dental or medical illness; regular intake of medication, such as, antidepressants, anticonvulsants or nonsteroidal anti-inflammatories; and psychiatric or personality disorders. A detailed medical interview/anamnesis was performed to assess the above inclusion and exclusion criteria.
This study was performed in accordance with the Helsinki Declaration II and had the approval from the Human Research Ethics Committee of the Bauru School of Dentistry, University of Sao Paulo. All participants gave their voluntary consent after a full explanation of all procedures.
Design
All participants were evaluated in two sessions (baseline and 1-week after) by two examiners (examiner 1 -E.A.J. and examiner 2 -L.F.) in order to assess the inter-rater reliability and agreement. One certified expert in QST by the DFNS (Y.C.) has individually trained each one of the examiners, which have no prior experience in somatosensory assessment. Convenience guided the choice of the examiners, and both were aware that their results would be compared; that is, they had previous knowledge that their assessments would be used to estimate the inter-rater reliability. However, the recordings were conducted independently, and neither of the examiners was aware of the other examiner's results.
The somatosensory profile was assessed on the skin overlying (1) masseter body and (2) TMJ corresponding to the dominant hand side. The order of the somatosensory tests followed the original description of DFNS guidelines (Rolke et al., 2006a,b) . Each site testing took approximately 20 min to be performed. Finally, the order of testing sites was randomized and kept the same for both sessions and the order of examiner's turn was also randomized, so systematic errors due to one examiner being always the first to examine the participants could be avoided.
Somatosensory assessment
A standardized quantitative somatosensory evaluation was performed according to the recommendations of the DFNS (Rolke et al., 2006a,b) . Nine of the 13 recommended parameters were assessed: cold detection threshold (CDT), warm detection threshold (WDT), thermal sensory limen (TSL), cold pain threshold (CPT), heat pain threshold (HPT), mechanical detection threshold (MDT), mechanical pain threshold (MPT), wind-up ratio (WUR) and pressure pain threshold (PPT). . The mean threshold temperature of three consecutive measurements was calculated to determine CDT, WDT, CPT and HPT. In addition, alternating cold and warm stimuli were applied to determine TSL. The baseline temperature was 32°C, and all thresholds were obtained with ramped stimuli (1°C/s) that were terminated when the subject pressed a button (Rolke et al., 2006a,b) .
Mechanical detection threshold and mechanical pain threshold
The measurement of MDT and MPT was performed by means of a standardized set of Semmes-Weinstein monofilaments (Touch-Test TM Sensory Evaluators; North Coast Medical Inc., Gilroy, CA, USA), which apply forces between 0.008 and 300 g/mm 2 . Participants were instructed to report the first sensation of touch for the MDT assessment and to report the first sharpness/pinprick painful sensation for the MPT assessment. In addition, the filaments were applied in a vertical and perpendicular position to the site of examination until bending and the contact time was approximately 2 s. The 'method of limits' was used to determine both thresholds where a series of ascending and descending stimuli intensities was applied yielding five 'suprathreshold' and five 'subthreshold' reports, and the geometric mean of these ten reports was then calculated (Rolke et al., 2006a,b) .
Wind-up ratio
The Semmes-Weinstein monofilaments that delivered a force which the participant perceived as 'slightly painful' was chosen for this test, that is, if the participant's numerical response was bigger than 0, indicating pain, but not intolerable pain. The perceived intensity of a single 'pinprick' stimulus was then compared with that of a series of 10 repetitive 'pinprick' stimuli of the same physical intensity (applied within an area of 1 cm 2 with a rate application of 1 Hz). The participant was asked to report the pain intensity representing the single stimulus and the estimated mean over the whole series of 10 stimuli using a '0-100' numeric rating scale. The whole procedure was repeated three times, and the WUR was the mean rating of the three series divided by the mean rating of the three single stimuli (Rolke et al., 2006a,b) .
Pressure pain threshold
The measurement of PPT was performed means of a digital dynamometer (Kratosâ, Cotia, Brazil) containing a rod with a 1 cm 2 flat and circular-shaped tip at the end of it, used to apply pressure over the sites in a relaxation posture with an application rate nearly 0.5 kgf/cm 2 /s. The participants were instructed to press a button at the first painful sensation. It was emphasized that the purpose was to measure the minimal amount of pressure at the first perception of pain, and not the pain tolerance. The PPT was determined as the arithmetic mean of three measurements (Rolke et al., 2006a,b) .
Statistics
Quantitative sensory testing values were expressed as means, standard deviation (SD) and 95% confidence interval (95% CI) of the mean. Normal distribution of the QST absolute values was assessed using the Kolmogorov-Smirnov test, and a log 10 transformation was performed when the results were significant, considering an alpha level of 5% (p < 0.050). Thus, the following parameters were log 10 transformed: WDT, CPT, MDT, MPT, WUR and PPT. After that, analysis of variance (ANOVA) was computed to compare QST values, from the examiner 1 assessment, considering one within-group factor, that is site -2 levels and one between-group factor, that is sex -2 levels. When appropriate, post hoc analyses were performed using Tukey honestly statistical difference (HSD). The significance level was set at 5% (p = 0.050).
The inter-rater reliability (relative reliability) was estimated using the intraclass correlation coefficient (ICC) and its 95% CI (Shrout and Fleiss, 1979) . ICCs were obtained using absolute agreement type of single measures based on ANOVA and two-way random model. The magnitude of the ICC was scored as poor reliability (<0.4), fair (0.4-0.59), good (0.6-0.75) or excellent (>0.75; Shrout and Fleiss, 1979) . Nonoverlapping 95% CIs were considered significantly different.
The agreement (absolute reliability) was estimated using the standard error of measurement (SEM), absolute agreement type, which was calculated with the following formula:
residual Þ, where r 2 ex indicates the variance due to systematic differences between examiners and the r 2 residual indicates the random error variance, that is, interaction of systematic differences in the combination between participants and examiners (Stratford and Goldsmith, 1997; de Vet et al., 2006) . In addition, the mean difference between the examiner 1 and 2 and the 95% CI of the mean difference were calculated in order to assess the systematic error between examiners. Significant systematic errors were considered when zero did not lie within the 95% CI.
Finally, the smallest detectable change (SDC), that is the smallest amount of change in score which is greater than measurement error, was computed with the following formula: SDC = 1.96 * √2 * SEM (Stratford and Goldsmith, 1997; de Vet et al., 2006) . All tests were carried out using the Statistical Package for the Social Sciences (SPSS) v.18.0 (IBM Corp., Armonk, NY, USA) and STATISTICA, v 10 (StatSoft Inc., Tulsa, OK, USA).
Results
Twenty women, mean age (SD) of 24.6 (3.9) and 20 men, mean age (SD) of 26.0 (4.5), were evaluated in two sessions by the two examiners, and the online supplementary data describe the raw data (absolute QST values) of both examinations (Tables S1 and  S2 ). Only MDT and WUR values were similar among sites and sex with neither significant main effects nor interactions (ANOVA: F < 3.09, p > 0.086; Table 1 ). However, there were main effects of site for the CDT, WDT, TSL and HPT, where the TMJ presented lower thresholds than masseter (Table 1) . Furthermore, there were main effects of sex for the CPT, HPT, MPT and PPT, where women more sensitive than men (Table 1) . Finally, there was a significant interaction between site and sex for the PPT, where the masseter of men presented higher thresholds than TMJ (Tukey: p < 0.009) and masseter (Tukey: p < 0.001) of women (Table 1) . Table 2 presents the inter-rater reliability of the QST for TMJ and masseter considering all participants, and Figs. 1 and 2 present the percentages of the ICC values for, respectively, TMJ and masseter according to their magnitude distribution. The overall ICCs showed acceptable values for the inter-rater reliability of somatosensory assessment of masticatory structures. The ICC values of 77% of all QST measurements considering all participants and both sites were considered fair to excellent (fair = 28%, good = 16% and excellent = 33%; Figs. 1 and 2). However, a notable exception was the reliability of WUR that presented the lowest ICC values ( Table 2) .
The reliability of WDT, TSL and HPT of masseter was significantly higher than TMJ, whereas the MDT reliability of TMJ was higher than masseter (Table 2 ). There was some variation between TMJ and masseter's SEM and SDC values. Thermal detection thresholds of TMJ presented slightly smaller SEM and SDC when compared to masseter values and the opposite was found for the thermal pain thresholds, that is smaller SEM and SDC for masseter (Table 2) . For the mechanical tests, the TMJ's SEM and SDC were almost half of masseter values for the Table 1 Analysis of variance (ANOVA) considering one within-group factor, that is, site -2 levels and one between-group factor, that is, sex -2 levels for different quantitative sensory testing (QST) parameters.
Main effect -site
Main effect -sex Interaction -site vs. sex MDT, whereas masseter's SEM and SDC were slightly lower than TMJ values for the MPT (Table 2 ). In addition, WUR and PPT of TMJ also presented slightly smaller SEM and SDC when compared to masseter values (Table 2) . Furthermore, CDT and MDT of TMJ and WUR of masseter presented significant systematic errors between examiners (Table 2) . Table 3 shows the inter-rater reliability of the QST for TMJ and masseter considering men and women separately. The overall ICCs of women and men showed acceptable values for inter-rater reliability of somatosensory assessment of masticatory structures, although the distribution within the magnitude categories was different (Table 3 and Figs. 1 and 2) . Likewise, the reliability of WUR presented the lowest values for men and women (Table 3 ). The following combination of test/sites presented significantly lower ICCs for women: HPT, MDT of TMJ and MPT of both TMJ and masseter (Table 3) . On the other hand, the TSL of TMJ presented significantly higher ICC for women. In addition, the majority of SEMs and SDCs for women (86%) were only slightly lower than SEM and SDC values for men (Table 3) . Furthermore, significant systematic errors were found for women's MDT and WUR of TMJ and WUR of masseter and men's MDT of TMJ (Table 3) .
Discussion
This study estimated the relative inter-rater reliability and agreement of QST assessment of masticatory structures and the main findings were as follows: (1) the overall relative inter-rater reliability values of somatosensory assessment of TMJ and masseter are acceptable for research and clinical application, though thermal thresholds related to warm/heat sensations (WDT, TSL and HPT) and tactile detection (MDT) demonstrated significant site differences in the ICC values and WUR relative reliability was considered poor for all sites and both sex; (2) the relative reliability of mechanical thresholds (MDT and MPT) was significantly lower for women; (3) the lowest levels of agreement were presented for CPT and MPT.
Somatosensory assessment, no matter how standardized and sophisticated, is inherently influenced by various factors, for example, attention, cognition, motivation, examiner's experience and skills, anxiety and stress and could be impractical to fully The magnitude of the ICC was scored as poor reliability (<0.4), fair (0.4-0.59), good (0.6-0.75) or excellent (>0.75). Nonoverlapping 95% CIs were considered significantly different. Mean differences represent the systematic error between the examiners. Significant systematic errors were considered when zero did not lie within the 95% CI of mean differences. 95% CI, 95% confidence interval; CDT, cold detection threshold; CPT, cold pain threshold; HPT, heat pain threshold; ICC, intraclass correlation coefficient; MDT, mechanical detection threshold; MPT, mechanical pain threshold; NRS, numeric rating scale; PPT, pressure pain threshold; SDC, smallest detectable change; SEM, standard error of measurement; TSL, thermal sensory limen; WDT, warm detection threshold; WUR, wind-up ratio.
anticipate and control for all of them (Backonja et al., 2009 (Backonja et al., , 2013 . Nevertheless, recent evidence, which attempted to estimate the variance components considering multiple sources of variability, has shown that the main variation is related to real differences between the participants (O'Neill and O'Neill, 2015; Moana-Filho et al., 2017) . Thus, our overall findings are in line with previous reports that reproducible somatosensory orofacial assessment is possible to be achieved with the aid of the standardized battery of DFNS (Pigg et al., 2010; Geber et al., 2011; Baad-Hansen et al., 2015; Marcuzzi et al., 2017; Svensson, 2017) . However, an important exception that has to be highlighted is the consistent poor reliability of WUR, which in our case was performed with a standardized set of Semmes-Weinstein monofilaments, without standardization of the monofilament and with three trials instead of five (Rolke et al., 2006a) . Nonetheless, previous evidence that assessed WUR with the aid of weighted pinpricks and following the strict recommendations of DFNS also reported poor relative reliability (Geber et al., 2011) , which indicates that temporal summation assessed the DFNS protocol may represent unstable phenomenon (Geber et al., 2011) . Despite the above-mentioned evidence in favour of the clinical usefulness of orofacial QST, our results also call the attention to some important details within the overall context of reproducibility of somatosensory assessment. First, the heterogeneity between sites can significantly affect the relative reliability, which means that QST responses from different sites are not comparable in their discriminatory capacity. Although region-specific sensitivity has been shown when spinal and trigeminal areas are The magnitude of the ICC was scored as poor reliability (<0.4), fair (0.4-0.59), good (0.6-0.75) or excellent (>0.75). Nonoverlapping 95% CIs were considered significantly different. Mean differences represent the systematic error between the examiners. Significant systematic errors were considered when zero did not lie within the 95% CI of mean differences. 95% CI, 95% confidence interval; CDT, cold detection threshold; CPT, cold pain threshold; HPT, heat pain threshold; ICC, intraclass correlation coefficient; MDT, mechanical detection threshold; MPT, mechanical pain threshold; NRS, numeric rating scale; PPT, pressure pain threshold; SDC, smallest detectable change; SEM, standard error of measurement; TSL, thermal sensory limen; WDT, warm detection threshold; WUR, wind-up ratio.
compared (Rolke et al., 2006a) , our results indicate that even within the trigeminal territory, site specificities should be taken into account. For instance, thermal tests performed at masseter can better distinguish participants, despite the variability between two examiners, when compared to TMJ thermal tests. Considering the overall agreement of thermal tests between masseter and TMJ, much of the relevant reliability differences are probably related to the lower variability of TMJ values between participants, which can be seen from the larger SD in the measurements of the masseter when compared to TMJ SD values (de Vet et al., 2006) . One possible explanation for these differences might be the smaller and well-defined anatomical area of TMJ that retrieves less variable thresholds. Thus, thermal tests at TMJ could be more prone to measurement errors associated with different examiners. On the other hand, the low variability between participants and the larger measurement error is related to the poor relative reliability of the tactile detection at the masseter. Nevertheless, this poor inter-rater reliability of the masseter is contrasted with the good test-retest reliability reported in a previous investigation (Costa et al., 2017) . The relative reliability is dependent on the heterogeneity of the population from which the sample is originated (de Vet et al., 2006) . This means that the reliability of less heterogeneous sample is more sensitive to measurement errors, that is when the variation among the subjects is low, a small measurement error hampers the distinction between the subjects (de Vet et al., 2006) . Nonetheless, most of the publications about the QST reliability have taken into account the heterogeneity differences only between patients with the painful condition of interest and/or healthy participants (Pigg et al., 2010; Geber et al., 2011; Andersen et al., 2015; Baad-Hansen et al., 2015; Marcuzzi et al., 2017) . As far as we know, this is the first report that presents evidence that sex differences in somatosensory sensitivity can influence the reliability of mechanical thresholds. Female participants presented significantly lower ICC values for MDT and MPT when compared to men. Likewise, much of the relevant reliability differences are possibly related to the lower variability between women QST responses, which can be seen from the larger SD for the MDT and MPT values of the male sample when compared to women. Reference values from the DFNS also showed higher SD for the MDT and MPT in a group of young male adults (<40 years; Rolke et al., 2006a) . In addition, a previous investigation of sex differences in the somatosensory sensitivity of the trigeminal nerve entry zones of infraorbital and mandibular nerve consistently showed a higher variability of the MPT in the male group (Matos et al., 2011) . The vast literature on sex differences in pain has shown that women could be more sensitive to some modalities of evoked pain stimuli than men and a complex interaction of biological, for example endogenous pain modulatory capacity and sex hormones, and environmental factors, for example, sociological and cultural constructs regarding sex roles, can account for these differences (Riley et al., 1998; Greenspan et al., 2007; Racine et al., 2012; Fillingim, 2017) . Such distinctions might be related to differences in variability of QST responses between women and men, which can significantly affect the discriminatory capacity in tests that implicate a greater interaction between the examiner and the participant, which can be the case for the mechanical tests. However, further investigation is warranted to corroborate and elucidate these findings and their possible underlying mechanisms.
Agreement parameters are considered overlooked outcomes in metric properties investigations of medical instruments (de Vet et al., 2006) . In particular, a considerable amount of reliability studies of QST has mainly focused on relative reliability parameters, for example, correlation coefficients (Pigg et al., 2010; Geber et al., 2011; Baad-Hansen et al., 2015; Costa et al., 2017) . Our overall findings argue in favour of the clinical applicability of QST considering their acceptable levels of relative reliability. However, a comprehensive assessment of the reproducibility capacity of QST should include agreement parameters. In this regard, our results showed an overall slightly higher agreement for TMJ when compared to masseter values and for women when compared to men. Nevertheless, CPT and MPT, regardless of site and gender, had the lowest levels of agreement, which is expected, considering that agreement is more related to the instrument itself, and it is less prone to heterogeneity of different populations/sites. For instance, one recent investigation of the longterm test-retest reliability of QST also found low levels of agreement for CPT at hand and back in healthy participants (Marcuzzi et al., 2017) . Likewise, CPT and MPT presented high variability in patients with shoulder pain (Lindgren et al., 2016) . Finally, significant differences depending on verbal instructions have been recently demonstrated for MPT assessment (Suzuki et al., 2017) , which can affect the magnitude of measurement error. Such levels of agreement of CPT and MPT mean that repeated measurements performed by different examiners are less precise for evaluative and monitoring purposes. In addition, our agreement values provide useful information regarding the clinically relevant changes that should be expected when the results of different examiners are taken into consideration.
Significant systematic errors were found for few tests, which are not unusual findings (Graven-Nielsen et al., 2015; Marcuzzi et al., 2017) ; however, it should be noted that all of them were smaller than the SDC values in the present investigation. Therefore, these significant systematic errors could be considered of minor clinical relevance. Nonetheless, WUR showed significant systematic errors for masseter assessment when women and men data were combined, but was also presented for TMJ and masseter assessment of women. Taking into account its poor reliability, this argues in favour of an overall poor measurement properties of the WUR when assessed with the aid of Semmes-Weinstein monofilaments as aforementioned. Finally, we also noted small significant systematic errors for the assessment of TMJ tactile and cold sensitivity. Even though the specific reasons for these findings are not clear, they might be related to the lower TMJ's SEM for MDT and CDT when compared to masseter, that is, tactile and cold detection at TMJ could be more sensitive to systematic differences associated with different examiners.
The strengths of this investigation were the application of well-established statistical approaches to estimate reproducibility, that is ICC and agreement parameter, and the assessment of muscle and joint related masticatory sites. Nevertheless, some limitations also need to be highlighted: (1) the sample was composed by young adults, which can hamper the external validity to older populations, for example, adults over 40 years old; (2) TMD patients were not assessed, which is also important, considering that the relative reliability is dependent on the population characteristics; (3) the full battery of QST was not possible to be performed due to resource constraints; (4) we did not perform test-retest reliability, which is also an important source of measurement error.
In conclusion, the overall somatosensory assessment of the masticatory structures performed by two examiners can be considered sufficiently reliable to discriminate participants, excepting temporal summation assessed through the ratio between pain ratings of repeated stimuli and single stimulus evoked by nylon hairs. In addition, possible site and sex influences on the reproducibility parameters should be taken into account for an appropriate interpretation and clinical application of QST.
